Summary Malnutrition is a severe problem among elderly residents living in long-term care facilities. A simple and accurate estimation for total daily energy expenditure (TEE) is required in order to provide them with an adequate amount of food. The purpose of this study was to validate a physical activity assessment tool for estimating TEE among elderly residents. The data of 58 subjects aged 69-99 y were analyzed in this study. The one-day physical activity recall was filled out by facility staff for a typical day. TEE was measured by the doubly labeled water (DLW) method (TEEDLW), and predicted by one-day physical activity recall using the basal metabolic rate (pTEEBMR) and body weight (pTEEBW). The TEEDLW, pTEEBMR and pTEEBW were 1,1296196 kcal/d, 1,1866251 kcal/d and 1,3266236 kcal/d, respectively. In a regression model, body weight, movement means and sex explained 39.0% of the variance in the difference between pTEEBMR and TEEDLW (p,0.05). Percentage of fat mass, body weight, and Barthel Index except mobility explained 47.3% of the variance in the difference between pTEEBW and TEEDLW (p,0.05). The current results suggested that pTEEBW is not recommended to estimate TEE because the error depends on body size, and pTEEBMR was significantly correlated with TEEDLW but also included systematic errors in elderly residents. In order to improve the accuracy of the present assessment to estimate TEE, it is necessary to establish a new equation of basal metabolic rate for elderly residents and consider sex and movement means to estimate TEE. Key Words elderly residents, long-term care facilities, total energy expenditure, one-day physical activity recall, doubly labeled water Malnutrition increases the risk of frailty and sarcopenia in the elderly population (1, 2). Several studies have shown that malnutrition among elderly residents at long-term care facilities is a predictive factor for mortality and functional decline (3, 4) . Elderly residents usually only have meals provided from the facility because of their hypertension or diabetes. It is extremely important to accurately estimate their total energy expenditure (TEE) so that they receive an adequate amount of food. However, few studies have measured TEE by the gold standard means, such as the doubly labeled water (DLW) method, in elderly residents, so that there is no evidence to determine their energy requirements. The abilities to perform the usual activities of daily living (ADL) are quite different in elderly residents; therefore, a more appropriate assessment of individual physical activity is required in the field.
Malnutrition increases the risk of frailty and sarcopenia in the elderly population (1, 2) . Several studies have shown that malnutrition among elderly residents at long-term care facilities is a predictive factor for mortality and functional decline (3, 4) . Elderly residents usually only have meals provided from the facility because of their hypertension or diabetes. It is extremely important to accurately estimate their total energy expenditure (TEE) so that they receive an adequate amount of food. However, few studies have measured TEE by the gold standard means, such as the doubly labeled water (DLW) method, in elderly residents, so that there is no evidence to determine their energy requirements. The abilities to perform the usual activities of daily living (ADL) are quite different in elderly residents; therefore, a more appropriate assessment of individual physical activity is required in the field.
Although DLW is the most accurate method for estimating TEE in free-living subjects, it has a very high cost and a complex methodology. By contrast, physical activity questionnaires and records are low cost and easy to use without specific equipment. The previous E-mail: nishiday@nibiohn.go.jp studies have also shown that certain physical activity questionnaires provide reasonably valid estimates of TEE in independent older adults (5, 6) . Nevertheless, it is probably difficult to estimate TEE with physical activity questionnaires in elderly residents, who spend most of the time in light intensity activity, because most of these questionnaires include only content about moderate to vigorous intensity activity.
Physical activity records provide information on the type and length of time of activity, which might enable individual estimates of TEE even in elderly residents. On the other hand, subjects need to be instructed carefully as to how to fill in the physical activity records, and the analysis of these records is time consuming (7) . In order to simplify these procedures, Koebnick et al. proposed a simplified physical activity record (8) in which the subject marks the respective activity item on the recording paper at 15-min intervals. Although this record is simple and easy to complete, elderly residents with dementia probably cannot understand the implementation content or remember what they had done more than a few minutes ago, so it is difficult for them to record the behavior by themselves.
Instead, facility staff can objectively record the behavior of the residents while monitoring them for 24 h. However, recording even one day's activity is expected to be a burden on the facility staff, let alone 7 d as in the previous research, because nursing care staff are overworked as a result of a shortage of personnel in the long-term care field in Japan. The TEE assessment tool needs to be simpler and easier for busy facility staff to use. Elderly residents spend almost every day doing the same routine activities without going out. If facility staffs can recall routine activities of elderly residents for even one day, their TEE may be estimated.
The purpose of this study was to validate TEE estimated from a physical activity assessment tool for facility staff to recall the activities of elderly residents for a typical day. Furthermore, we examined the error factor of TEE to estimate it more accurately.
MATERIALS AND METHODS
Subjects. The subjects were from one of the arms of a multicenter cross-sectional study in Japan: Clinical Evaluation of Energy Requirements (CLEVER). Sixty-four subjects were recruited from five long-term care facilities in the Tokyo metropolitan area of Japan. Six subjects were excluded from the analysis because one had hypothyroidism and the others could not provide blood samples. As a result, the data of 58 subjects aged 69-99 y were analyzed in this study. Subjects were excluded if they had infectious or serious diseases, used medications that could affect energy metabolism or water metabolism, or were at risk of aspiration. The study protocol was approved by the Ethics Committee of Keio University (No. 2015-03) and the National Institutes of Biomedical Innovation, Health and Nutrition (No. NIBIOHN29) in accordance with the Declaration of Helsinki. All participants and their relatives gave written informed consent after being informed of the procedures of the present study.
Anthropometric characterization. Body weight was measured to the nearest 0.1 kg using an electronic scale at each facility. Stature was obtained from medical record information, because nearly half of the subjects could not remain in a standing posture.
Doubly labeled water (DLW). TEE was measured by the DLW method (modified two-point approach). An oral dose was given of 0.10 g 2 H2O ( 2 H2O 99.9 atom%; Taiyo Nippon Sanso, Tokyo, Japan) and 2.0 g H2 18 O (H2 18 O 10.0 atom %; Taiyo Nippon Sanso) per kg estimated total body water (TBW) (9) . The DLW was sterilized by filtering through a 0.22 mm filtering system, and was then sealed in a sterile 125 mL bottle (Nalgene, New York, USA). A baseline blood sample was collected before the dose of DLW. The dose was given between 5:00AM-8:00AM. After that, the bottle was twice rinsed with 25 mL of tap water, which each subject also consumed. Post-dose blood samples were collected at about 3 h (PD3) and 4 h (PD4) after the dose, and twice (ED1 and ED2) at the same time on day 14 One-day physical activity recall (1DR). The simplified physical activity record validated to assess energy expenditure in adults and elderly individuals was used to predict TEE, but its usage substantially differed from previous studies. Firstly, facility staff filled in the recording sheet, because subjects could not do so due to dementia or physical disability. Secondly, the recording sheet was filled in on only one day by recall, whereas a total of 7 consecutive days were recorded in past studies. Usually, the long-term care facilities determine the time of rising, meal, bath, recreation, rehabilitation and sleeping. The residents have almost the same activities every day; therefore, facility staff could fill in the recording sheet without much difficulty. Thirdly, activity contents were modified to fit the residents (Fig. 1) . The metabolic rate for each activity was estimated using the activity-related MET intensity. Most MET values were quoted from the 2011 Compendium of Physical Activities: A Second Update of Codes and MET Values. The MET values of lying, awaking in sitting, and watching TV or reading were modified from 1.3 METs to 1.0 MET, because the residents were almost motionless in the supine or sitting position during these activities. The facility staff was not given any instructions for completing the 1DR. If other activities were filled in, the investigators assigned an appropriate MET value. Physical activity level (PAL) and two predicted TEE were calculated as follows:
PAL1DR5mean MET values/0.91
Basal metabolic rate (BMR). BMR was measured by indirect calorimetry (Quark RMR, COSMED, Rome, Italy). In the present study, the custom-made largesized (38334340 cm) was used to cover properly the subjects with round back. Calibration by ethanol combustion was always done before the first measurement at each facility, and the condition of the machine was checked. The measurement was carried out between 05:00 AM and 08:00 AM after overnight fasting at each facility. The calorimeter gas analyzer was calibrated before every measurement for pressure and gas concentration. After the subjects rested for 15-20 min in a supine position, gas exchanges were measured for more than 12 min, covered with a hood to the subject. The first 6 min of measurements were not included in the results. Then 5 min or more achieved with steady states were used for analyses. Because subjects with dementia were likely to become more restless over longer procedures, the measurement periods were set to be shorter than in the other study but in accordance with the standards of the Compher et al. (12) . BMR was calculated according to the Weir equation (13) . Resting metabolic rate (RMR) was estimated by dividing BMR by 0.91 (14) . The predicted BMR was also calculated according to the equations by Ganpule et al. (15) .
Statistical analyses. Statistical analyses were performed with SPSS for Windows 15.0 (SPSS Inc., Chicago, IL, USA). Data were presented as means6stan-dard deviations (SD). Significance was set at p50.05. The unpaired t-test was used for comparing the difference between men and women. The relationships between TEE by DLW (TEE DLW) and predicted TEE by 1DR (pTEEBMR, pTEEBW) were determined using Pearson's correlation. The difference between TEEDLW and pTEEBMR or pTEEBW was graphically shown by plotting TEEDLW against pTEEBMR or pTEEBW, respectively. The limits of agreement were also plotted as equal to 1.96 SDs of the difference above and below zero. Stepwise regression analyses were used to determine the proportion of variance in the difference between TEEDLW and pTEEBMR or pTEEBW explained by age, sex (male50; female 51), body weight, percentage of FM, movement means (using wheelchair50; walking51) and Barthel Index except for mobility.
RESULTS
Data of 58 residents at five long-term care facilities were utilized for the analyses. Basic characteristics of the study population are shown by sex in Table 1 . The total Barthel Index and the index excluding mobil- ity were not significantly different between men and women. Meanwhile subjects in the walking group has significantly high score of the Barthel Index excluding mobility than those in the wheel chair group (63614 vs. 51617, p,0.01).
Items of the 1DR and the corresponding MET, and time spent on these activities, are shown by sex in Table 2 . Sleeping time was significantly longer in men (10.961.6 h) than in women (9.761.4 h) (p,0.01). Watching TV or reading time was longer in men (4.662.7 h) than in women (3.362.7 h), but not significantly so (p50.10). On the other hand, women spent significantly more time in dressing, washing and talking than men (p,0.05). Walking time was naturally longer in the walking group than in the wheerchair group (p,0.01) but 15 out of 29 in the former group did not record walking time at all.
The results of energy expenditure and physical activity level are shown by sex in Table 3 . PALDLW was not significantly different between men and women, but PAL1DR was higher in women (1.3960.12) than in men (1.2960.10) (p,0.01). BMR was significantly overestimated in men by a mean of 19.4%, while a little underestimated in women by a mean of 4.4%. pTEEBMR was overestimated in men by a mean of 15.3%, which was significantly different from zero (Fig. 2) , while there were no significant differences between pTEEBMR and TEEDLW in women (p50.82). pTEEBW was significantly correlated with TEEDLW in men (r50.38, p,0.05) and women (r50.73, p,0.01). pTEEBW led to an overestimation of TEE in men and women. Furthermore, the degree of overestimation of pTEEBMR and pTEEBW increased as 25, p50.36 ). There was a significant difference between PALDLW and PAL1DR in women (p,0.01), but not in men (p50.14).
In a regression model, body weight, movement means and sex explained 39.0% of the variance in the difference between pTEEBMR and TEEDLW (p,0.05). Percentage of FM, body weight and Barthel Index except for mobility explained 47.3% of the variance in the difference between pTEEBW and TEEDLW (p,0.05) ( Table 4 ).
DISCUSSION
Our study objective was to examine the validity of 1DR for estimating TEE among elderly residents at long-term care facilities. As a result, TEE predicted by 1DR was significantly correlated with TEEDLW but also included systematic errors. Sex, movement means, ADL score and the equation of BMR in the calculation contributed to the errors.
Persson et al. showed the EE measured using DLW in geriatric patiens (8666 y) (16) . The average TEE was 26 kcal/kg/d, and close to our results (25.6 kcal/kg/d). More recently, Yamada et al. reported the values of residents (8468 y) at care home where elderly not requiring long-term care lived (17) . The average PAL among residents at care home was 1.54, which is higher compared to.the present subjects (1.38): elderly residents requiring nursing care are less active.
In some recent studies, TEE was evaluated by accelerometers in elderly residents (18, 19) . However, the validity of using an accelerometer for estimating TEE has not yet been described, and it is unclear whether TEE can be accurately measured by that method in inactive populations. Also, the use of accelerometers is expected to be difficult for facility staff, who are unskilled in operating the equipment. A simpler means of assessment is needed in the field.
The form of physical activity record used in the present study is based on the protocol proposed by Koebnick et al. (8) . That protocol provided a valid estimation of TEE and PAL in free-living adults, with acceptable deviations, from data obtained by DLW. Yamada et al. (17, 20) showed that the protocol was also usable in free-living Japanese elderly. In the present study, we used the protocol in a slightly different way from the previous studies, considering elderly residents at a long-term care facility.
In the previous study, the subjects recorded their activities by themselves, but facility staff recorded the behavior of residents in the present study. Because most of the elderly residents had dementia, they could not recall their activities from a short while ago and fill in the recording sheet. In addition, the averages for several days were used in the analysis in the previous study, which estimated EE by recall methods (21) . It was difficult for the busy facility staff to continue to observe the residents, and therefore the behavior of a typical day of each subject was filled in a recording sheet by recall of the facility staff. It has been shown that the elderly residents living at a nursing home spent most of the day in a lying or sitting position (22) . The subjects in the present study also were sedentary and performed the same routine almost every day except for events twice a week, e.g. rehabilitation and bathing. Therefore, we considered that it was sufficient to estimate TEE with a record of a typical day. PAL1DR was significantly lower in men than in women. This was probably because men spent longer periods on sedentary behavior such as sleeping, watching TV and reading. According to the previous study that examined factors for determining physical activity among elderly residents, the decline of physical function limited the physical activity in men (23) . In the present study, physical activity may have been more limited in men because the percentage of male subjects who could walk was lower and their ADL score was low. A review (24) about the features of physical activity of the independent elderly showed that male elderly individuals spent much time on moderate-to-vigorous intensity activities such as work and leisure activity, while in contrast, female elderly individuals spent much time on light intensity activity at home. In addition to low ADL, restriction on moderate and vigorous activity in the facility is one of the factors that decreased physical activity in men. Conversely, women compared with men spent a significantly longer time in talking and self-care such as dressing and washing. Women had a higher PAL 1DR, probably not only because of a shorter sedentary time but also because of the MET values used in calculation of PAL. Ainsworth et al. (25) determined the intensity of lying, awaking in sitting, watching TV and reading to be 1.3 METs. Specifically, the intensity of watching TV was from the average of the 1.68 METs reported by Li and Yan (26) and the 0.93 METs reported by LanninghamFoster et al. (27) . The other MET values also ranged widely according to the reports. Therefore, we have to carefully consider MET values when calculating PAL.
Several notes are needed to estimate PAL among such as the present subjects. 1DR is assumed to last an activity during 15 min, which may cause that PAL1DR tends to be overestimated among elderly whose behaviors are more intermittent than younger. That might be related to be overestimated among women. Additionally, some subjects need nursing care from facility staffs to live. Since the effect of nursing care on energy expenditure among subjects is unclear, we should consider the possibility that residents who need more nursing care require less enegy expenditures.
In this study, we calculated pTEEBMR and pTEEBW by using pBMR and body weight respectively. For men, pTEEBMR was moderately correlated with TEEDLW, and was overestimated by approximately 200 kcal. BMR was also overestimated by approximately 200 kcal, but there was no significant difference between PAL1DR and PALDLW. As a result, the error of pBMR led directly to the error of pTEEBMR. On the other hand, among women, pTEEBMR was strongly correlated with TEEDLW, and there was no significant difference between them. pBMR was slightly underestimated while PAL1DR was slightly overestimated, which led to no difference between pTEEBMR and TEEDLW.
The Ganpule equation (15) was developed in a younger Japanese population and examined the accuracy compared to the other equations in the wide rage of age groups (28) . In the present study, however, there was a significant difference between predicted and measured values, especially among men, among whom BMR was overestimated by approximately 200 kcal. The decrease of skeletal muscle mass is one of the major factors that cause decline of BMR with aging. Gallagher et al. (29) showed that the age-related reduction in skeletal muscle mass was greater in men than in women, which may lead to overestimates of BMR in men. By contrast, Luhrmann et al. (30) suggested that the decline in RMR with advancing age could not be due only to changes in body composition. Further studies are needed in order to clarify the reason why BMR decreases with aging. Anyway, we should establish a new equation to estimate BMR for elderly residents in the near future.
The results of multiple regression analyses showed that body weight, sex, and movement means were independent factors for the difference between pTEE BMR and TEEDLW, which indicated that pTEEBMR tended to be underestimated in the walking group Walking in the elderly demands a high energetic cost (31) and thus should have a strong influence on TEE, especially at a facility where activities are restricted. Despite there being a walking group, in the present study, the number of subjects for whom walking time was recorded was 14 out of 29. This is probably because the facility staff recorded only impressive behaviors, e.g. walking practice or loitering, and not movement for short distances or times. As a result, pTEEBMR was underestimated.
pTEEBW was significantly correlated with TEEDLW and overestimated by approximately 200 kcal in both men and women. The results of the multiple regression analysis showed that the percentage of FM, body weight and Barthel Index except for mobility were independent factors for the difference between pTEEBW and TEEDLW. According to the previous study calculating TEE by using MET value and body weight, the overestimation of the calculated TEE increased with the percentage of FM (21) . The percentage of FM in the present population was greater than in the populations of previous studies, which may have caused the overestimation of pTEEBW. In addition, although the dilution method was used to calculate FFM and FM in this study, the easier assessment used in the clinical setting is the impedance method. However, the validity of the latter for estimating body composition is unclear in elderly residents with rounded back and extremity contracture, so that it is difficult to consider the percentage of FM when estimating. Furthermore, Fig. 2 showed that pTEEBW included the proportional error in women, indicating that the error is likely to become large in other populations. Therefore, it is not appropriate to estimate TEE for elderly residents by using body weight.
One limitation of this study is the small sample size.
Only 10% of all residents in each facility were eligible, because most used medications that might affect energy metabolism or water metabolism and most were at risk of aspiration. In particular, the number of men was less than half that of the women, which was related to women living longer than men and caring for their husbands at home. Otherwise, each facility staff member recalled the behavior of subjects for only one day in this study. Before practicing 1DR in the facility, we need to fully consider the intra/inter-rater reliability and validity of 1DR for estimating TEE. Additionally, the recording sheet used in the present study has a problem. Although bathing and rehabilitation are conducted only twice a week, we made these items on the recording sheet. As the result, these activities were filled in or not by each staff despite all subjects are in same conditions. On the other hand, TEE predicted by 1DR showed a significant correlation with TEE DLW as in previous research (8); therefore, 1DR may be used.
In conclusion, this study examined the validity of 1DR for estimating TEE. It was suggested that the pTEEBMR was more appropriate for estimating the TEEDLW but also included systematic errors in elderly residents. In order to improve the accuracy of 1DR to estimate TEE, it is necessary to make a new equation to estimate BMR for elderly residents. Additionally, it is also important for estimating TEE accurately to consider sex and moving means.
